INTRODUCTION
Species of saltcedar or tamarisk (Tamarix spp.) are woody phreatophytes found around many river systems in the western United States of America, especially in the Southwest, and have been classified among the 10 worst noxious weeds in the United States (Frasier and Johnsen, 1991) . Tamarisks were introduced, probably from different sources, as ornamentals and for windbreaks in the early 1800s, but by the early 1900s, had become a weed that lowers the water table and often replaces native vegetation (DeLoach, 1989) . The growth characteristics of Tamarix make it very difficult to control by mechanical or chemical means. Therefore, biological control of the weed has been considered in the United States. The most common species in the United States is T. ramosissima, the target species for this biological control effort.
Field surveys in southern France where Tamarix spp., especially T. gallica, are common showed that several species of insects attack the plants. Many of these seem to be host specific and damage the plants considerably. The present studies were carried out to determine which species of natural enemies attack T. ramosissima under natural conditions and which ones merit consideration as candidates for biological control of Tamarix spp. in the United States.
Two field tests were carried out during 1993 and 1994: during 1993, the susceptibility of T. ramosissima from the United States to the natural enemies of Tamarix spp. in southern France was evaluated. During 1994, the host specificity of the most promising natural enemies, which attacked T. ramosissima during 1993, was studied.
The importance of this type of open field test, which can be carried out only in the weed's native range, was reported by Clement and Cristofaro (1995) . A review of literature gave additional information on the host range and distribution of various insect species and their potential as biological control agents for Tamarix spp. Because of the importance of this observational record, this information is presented here to be of value to others in this field.
MATERIALS AND METHODS

Experiment in 1993
Tamarix gallica (from France, as the control) and T. ramosissima (from the United States, as the target weed) were grown from cuttings made in January, 1992. The plants were grown in pots (20 cm diam.) and kept outdoors until April, 1993, when they were used for the experiments. The plants were up to 80 cm tall and in good health. On April 8, 1993, five potted plants each of T. ramosissima and T. gallica (in total 10 potted plants) were placed under a T. gallica growing in a private garden (Listel Wine Factory) near Sète (30 km southwest of Montpellier, France). The same number and the same kinds of plants were placed under a wild T. gallica growing at the edge of a private property near Vendémian (31 km northwest of Montpellier). The site at Sète is along the sea coast, while the site in Vendémian is about 25 km inland. Each pot was placed in a plastic tray which was filled with water once or twice a week, depending on weather conditions. A branch of each T. gallica tree, similar in size to the potted plants, nearest to the potted plants, was also checked for the presence of natural enemies. We selected branches to be compared with the potted plants to determine if there would be any difference in susceptibility of potted or wild plants to the natural enemies. The plants were examined once or twice a month and the most important natural enemies found on them were recorded. All flowers were collected at the postflowering stage to prevent seeding and to rear out gall-makers from the galled ovaries. The plants were inspected seven times from May 5 to September 9, 1993. Psectrosema spp. galls were marked with pink nail polish each time data were collected, so only new galls would be counted at the next observation.
Experiment in 1994
Eleven plant species with 10 replicates of each were used in the test. All plants were potted and in good condition. The test was carried out at the same location as in 1993 in Sète. Ten T. gallica trees were randomly selected and one potted plant of each test plant species was placed under each tree (11 plant species under 10 trees ϭ 110 plants). The potted plants were placed in plastic trays to prevent them from rooting in the soil. Each tray and the corresponding pot (not the aerial part of the plant) were placed in a plastic bag to prevent evaporation. The plants were watered twice a week and data were collected biweekly, except in August. A branch of each T. gallica tree, similar in size to the potted Tamarix plants, nearest to the potted plants, was labeled at the beginning and data were also taken from these branches. The Psectrosema spp. galls were marked with pink nail polish so that only new galls would be counted during the following observation. Relative humidity and temperature were recorded at the site (Fig. 1) . Dead plants were replaced. The list of plants used in the test is given in Table 3 . The selection of test plants was based on consideration of native North American species and economically important species closely related to Tamarix spp.
RESULTS AND DISCUSSION
Experiment in 1993
The following promising natural enemies were recorded from T. ramosissima: Psectrosema spp. (Diptera: Cecidomyiidae); Hypophyes pallidulus (Gravenhorst); Corimalia tamarisci (Gyllenhal), and Coniatus tamarisci F. (Coleoptera: Curculionidae); Agdistis tamaricis (Zeller) (Lepidoptera: Pterophoridae); and Stylosomus prob. tamaricis (Herrich-Schaffer) (Coleoptera: Chrysomelidae). Table 1 shows the data from Sète and Vendémian pooled together. Table 3 shows the data collected during the 1994 observation period. Remarks on the most important natural enemies are as follows: Psectrosema spp., Corimalia tamarisci, and Coniatus tamarisci were found only on Tamarix spp. Stylosomus prob. tamaricis was also found only on Tamarix spp., except that one adult was found resting on Myricaria germanica L. (ϭTama-rix germanica L.). Flower galls made by Corimalia were found on T. ramosissima and T. gallica on May 5, 1994. They were collected, along with the remaining flowers that were not galled, to prevent seed dissemination. No adults emerged from the galls because the galls were collected prematurely. Flowers were also found on the test plants later on, but no galls could be found on them.
REMARKS ON INDIVIDUAL CANDIDATES
Gall midges, Psectrosema spp.
(Diptera: Cecidomyiidae)
Three new species of gall midges were found to attack young branches of T. gallica and T. parviflora A. P. de Candolle in southern France. The species are described by R. J. Gagné, (Systematic Entomology Laboratory, Washington, D.C.; Gagné et al., 1996) . Often, the infested branches die or remain stunted. Early galls appear on green branches caused by P. nigrum Gagné and P. album Gagné (stem galls) mainly during May to July, while late galls, caused by P. acuticorne Gagné, appear on the tips of young branches (tip galls, Fig. 2 ), during July to September. Galls were found from May 5 to August 17, 1993, at both sites (Table 2 ) and the number decreased toward the end of the season. The results show that T. ramosissima is susceptible to the gall midges as are the local T. gallica plants (Table 2) . There were more galls on tree branches in 1993 (Table  1) , while in 1994 more galls were seen on control plants (Table 3 ). The pattern of infestation of wild-growing Tamarix spp. in southern France was also quite patchy (Sobhian, unpublished data).
The host range of the genus Psectrosema is restricted entirely to Tamarix spp. (Skuhrava, 1986 , Gagné et al., 1996 . Psectrosema spp. may feed on more than one Tamarix species (Gagné et al., 1996) and attack T. gallica, T. ramosissima, T. parviflora, and T. chinensis Lour. in southern France. Skuhrava (1986) reported 11 species of this genus from the Palearctic region. Thirteen species were reported by Gerling and Kugler (1973) from Sinai, and 13 species from Kazakhstan and Turkmenistan by Fedotova (1983) . All were found only on Tamarix spp. in the Palearctic and the Oriental or 
Corimalia tamarisci
Coniatus tamarisci Indo-Malayan Regions. Habib (1983) studied the biology of six species of gall midges associated with Tamarix spp. in Pakistan. She reported that none attacked T. aphylla (L.) Karst. (which is sometimes used as an ornamental plant in the United States) and that the midges were fairly local and host-restricted. According to Gagné et al. (1996) , the genus is a monophyletic group of 26 known species restricted to Tamarix spp. from the Mediterranean region through Central Asia to China. Kovalev (1995) listed 13 species of Psectrosema as being oligophagous species restricted to Tamarix spp. We recommend Psectrosema spp. from France as candidates for biological control of Tamarix spp. in the United States and elsewhere.
Hypophyes pallidulus (Gravenhorst) 1807 (Coleoptera: Curculionidae)
The large genus Nanophyes was split into several genera by Alonso-Zarazaga (1989) . He also split the genus Corimalia Gozis, 1885, into three genera: Corimalia; Hypophyes Reiter, 1916; and Allomalia AlonsoZarazaga, 1989 .
Hypophyes pallidulus is an ovarian gall-maker which prevents seed formation. Oviposition occurs in closed flower buds and the larval development occurs inside the ovaries, the walls of which thicken and form the galls. However, Sobhian observed that the flower buds open and serve honey bees as a source of food and remain attractive, without producing seeds. Zocchi (1971) reported two generations of this weevil per year in Italy. One plant of T. ramosissima was flowering on September 9, 1993, at the Vendémian site and these flowers were attacked by H. pallidulus. One raceme with 27 flowers was examined with a stereo microscope and 25 of the flowers contained one H. pallidulus larva each. Kovalev (1995) reported that T. ramosissima and several other species of Tamarix are hosts for many species of this genus.
Hypophyes pallidulus has been reported on T. gallica from France, T. africana Poiret, T. parviflora, and Tamarix sp. (Zocchi, 1971 , and the literature in it). We reared it from T. gallica and T. ramosissima. Pajni and Bhateja (1982) reported 11 species of ovarian gallmakers under the genus Nanophyes on Tamarix articulata Vahl and T. dioica Roxburgh. The host range of the genus Hypophyes seems to be restricted to the genus Tamarix. Kovalev (1995) reported nine species from T. ramosissima and indicated that the genus is oligophagous on Tamarix spp. We recommend H. pallidulus as a candidate for biological control of Tamarix spp. in the United States. Klima (1934) reported H. pallidulus from Spain, southern France, Italy, North Africa, and North America. The last location is certainly an error, because no one else has found it in North America since Klima's report. Kocher (1961) reported it from Morocco except in the dry regions in the east and the south, and Fornasari (1998) collected it in Georgia during 1996.
Corimalia tamarisci Gyllenhal 1838 (Coleoptera: Curculionidae)
Corimalia tamarisci is also an ovarian gall-maker and prevents seed formation. Oviposition occurs in closed flower buds, which eventually open, but the ovaries turn to small galls, in which the development of larvae take place (just as with H. pallidulus). It was
FIG. 2. Tip galls caused by Psectrosema acuticome on Tamarix gallica
found on our T. ramosissima test plants at Vendémian during June 1993 (Table 1 ). This species is reported from T. gallica, T. africana, and Tamarix sp. (Zocchi, 1971 , and the literature in it). We reared it from T. ramosissima and T. gallica in southern France. According to Gerling and Kugler (1973) the genus Corimalia is specific to fruits and seeds of all known Tamarix species. The latter authors indicated that the Corimalia spp. should have several generations in Israel because they found fresh flower galls throughout the season on T. nilotica Ehrnberg, which blooms continuously for 5-6 months/year in its native range, along the Dead Sea shores. However, Chobaut (1914) (Pajni and Bhateja, 1982) . According to Giordani (1937) , C. postica (Gyll.) oviposits in flower buds of T. gallica. Kovalev (1995) recommended the species of the genus Corimalia as candidates for biological control of Tamarix spp. Corimalia tamarisci is present in southern Europe, Sicily, Sardinia, North Africa, Morocco, and Palestine (up to 1200 m elevation) (Zocchi, 1971 , and the literature in it). Gerling and Kugler (1973) and Kovalev (1995) reported that the genus Corimalia is present in all areas of distribution of Tamarix in the old world. Considering the distribution, the host range, and the effect of C. tamarisci on its host plant, we recommend it as a candidate for biological control of Tamarix spp. in the United States and in Australia, where T. aphylla is reported as a noxious alien weed (Griffin et al., 1989) .
Coniatus tamarisci (F.) 1787 (Coleoptera:
Curculionidae)
The life history of C. tamarisci was studied in detail by Fornasari (1996 Fornasari ( , 1997 . Adults and larvae of C. tamarisci feed on young leaves and buds during the Tamarix growing season, damaging especially the tips of the stems. There are three to four generations per year in southern France.
We found, adults and larvae from June 6 to September 9, 1993, at both sites; the number decreased toward the end of the season. They were found on potted plants of T. ramosissima and T. gallica (control), and branches of T. gallica (Table 1) .
According to Gerling and Kugler (1973) , Kovalev (1995 ), and Fornasari (1996 , 1997 Coniatus tamarisci is strictly host-specific to the genus Tamarix and Myricaria. Kovalev (1995) reported seven species on T. ramosissima. It is reported from the Mediterranean region, Italy (Liguria, Venezia, Veneto, Emilia, Toscana, Elba, Lazio, Campania, Sicily, and Sardinia) and from Corsica, Canary Islands, and all of the Sahara desert, but not in the Tangiers region, and has been found up to 2000 m elevation in the mountains (Zocchi, 1971 , and the literature in it). Fornasari (1998) found the species during 1989 in Marche, Emilia, and Abruzzo, Italy. Gerling and Kugler (1973) collected C. tamarisci adults in Israel along the Mediterranean coast and the shores of the Dead Sea and also in Iran, Turkey, and India. We recommend C. tamarisci as a candidate for biological control of Tamarix spp. In the United States.
Agdistis tamaricis Zeller 1847 (Lepidoptera:
Pterophoridae)
The larvae of A. tamarisci are defoliators and have four generations per year in Italy (Zocchi, 1971) . In Germany, where it breeds on Myricaria germanica, the species has two generations per year (Kaltenbach, 1874) . More detailed information on the biology of the insect is given by Zocchi (1971) .
In our experiment at Sète, 0, 1, and 4 larvae of the species were observed on potted T. ramosissima and T. gallica (control), and T. gallica branches from June 6 to August 17, 1993. At the site in Vendémian, 2, 3, and 0 caterpillars were found, respectively, on the plants. Table 1 shows the numbers of A. tamaricis larvae found on test plants at Séte and Vendémian (pooled together). It was clear that T. ramosissima from the United States is a susceptible host for A. tamaricis.
Agdistis tamaricis has been reported by Mann (1873) on T. gallica in Italy, and Mariani (1943) reported it from Sicily, Lombardia, Toscana, and Sardinia. Zocchi (1971) found it on T. gallica and T. africana in Toscana, Sicily, and Sardinia. Zangheri (1969) , Hering (1932) , Lhomme (1935) , Mariani (1943) , and Silvestri (1939) reported it from Tamarix spp. and M. germanica. The species has been also reported from central and southern Europe, Africa, Asia Minor, Syria, Iran, Saudi Arabia, and India (Meyrick, 1913) . It has also been reported from the Danube delta in Romania (PopescuGorj and Draghia, 1968) . Andres (1913) reported it from Egypt, near Alexandria and Cairo; Silvestri (1939) reported it from all Tamarix-growing areas of Europe, Asia, and Africa; and Klimesh (1968) found larvae on T. parviflora in Macedonia. Since the species has been reported only on Tamarix spp. and M. germanica (the genus Myricaria is absent in North America), we recommend it as a possible candidate for biological control of Tamarix spp.
Stylosomus prob. tamaricis Herrich-Schaffer) 1838
(Coleoptera: Chrysomelidae)
Adults of Stylosomus prob. tamaricis are defoliators and larvae probably feed on roots. According to Kovalev (1995) the genus Stylosomus is restricted to Tamaricaceae. However, Kovalev (1995) reported that some species of the genus switch from Tamarix to Plumbagi-naceae. Thus, tests of their host specificity are needed. Stylosomus tamaricis has been found on T. gallica, where its adults feed mainly on foliage (Kaltenbach, 1874) . Reitter (1912) reported the species on M. germanica. Zocchi (1971) found it on T. gallica and T. africana during May and June. It is not common in southern France. However, based on the literature surveys, the insect seems to be promising for biological control of T. ramosissima. In France, we found its adults feeding on T. ramosissima from the United States and on T. gallica.
Mü ller (1953) reported S. tamaricis from all Mediterranean coasts, from Portugal to Dalmatia, and also in Turkmenistan. Lopatin (1977) reported the species on Tamarix from the southern European part of the former USSR, Caucasus, Kazakhstan, and Central Asia. Fornasari (unpublished data) found the species in Georgia during 1996. Luigioni (1929) reported the species from all of the Italian peninsula and the Italian islands.
CONCLUSIONS
The insects found and tested during these experiments were a part of those occurring on Tamarix spp. in southern France, some of which do not occur at the specific study sites where the Tamarix trees were artificially planted and were isolated from other natural vegetation. The results of the two field studies provided useful information about insects associated with Tamarix spp. in southern France. Additional, detailed studies carried out in the laboratory and the field (Fornasari 1996 (Fornasari , 1997 (Fornasari , 1998 Sobhian, unpublished data) allowed us to obtain permission in 1996 to introduce P. nigrum, P. acuticorne, and C. tamarisci for further host-specificity testings under quarantine in Temple, TX. A petition for introduction of Corimalia tamaricis and Hypophyes pallidulus into the quarantine in Temple, TX, is in preparation, which will be submitted to the Technical Advisory Group (TAG) for Biological Control of Weeds (for further information on TAG, see Coulson, 1992) . The prospects for biological control of Tamarix spp. in North America is very good because no native member of the genus is present there and the rich fauna of natural enemies found on Tamarix spp. includes many oligophagous species that are restricted to the genus Tamarix. Kovalev (1995) analyzed 325 species of oligophages from over 400 species of insects and mites of the world fauna inhabiting Tamaricaceae, which are restricted mainly to Tamarix spp. Although some of them were also reported on Myricaria and Reaumuria, curculionid genera associated with Tamarix spp. do not attack plants of other families (Kovalev, 1995) .
